INTRODUCTION {#sec1-1}
============

Most of the registered psychotropic drugs that were licensed are synthetic and natural agents prior to 2007, although the contemporary trend includes an array of natural agents that produced a significant neuroprotection against different neurological diseases and age-induced cognitive dysfunctions \[[@ref1]\]. Since, some of the synthetic agents are toxic with low efficacy profile; therefore, psycho neuroactive herbal extracts and their phytochemical are tried for their potential effects on memory, cognitive, and vigilance functions \[[@ref2]\]; therefore, *Ginkgo biloba*, *Rhodiola rosea*, and other herbal medicines are marketed widely with expectation of preventing and delaying cognitive impairment with augmenting of normal brain functions \[[@ref3]\].

*G. biloba* is confidential in its own partition as class *Ginkgoopsida*, order *Ginkgoales*, family *Ginkgoaceae* and genus *Ginkgo*, it has widely used in traditional medicine, *G. biloba* extracts contain various constituents which include, ginkgolides, bilobalides, flavonoid glycosides, phenolic acid, and quercetin \[[@ref4]\]. In addition, *G. biloba* biflavones and polyphenols have potential neuroprotective effect in Alzheimer dementia via inhibition of amyloid fibrils accumulation \[[@ref5]\]. Moreover, *G. biloba* delayed age-induced cognitive decline and may have more delicate and subtle therapeutic effects on the speed of cognitive alterations \[[@ref6]\].

*R. rosea* is a traditional medicinal herb have about 140 active constituents such as flavonoid, alkaloids, rosin, rosarin, and phenols, its belong to *Crassulaceae* family, grow mainly at high altitude in Asia and Europe, the medicinal and pharmacological properties of *R. rosea* are species dependent and most of the human and animal studies conducted on *R. Rosea*. Since, it passed sophisticated and extensive pharmacological studies and had been certified safe for both humans and animals \[[@ref7]\].

*R. rosea* contain an active constituent called salidroside which has various and multiple pharmacological effects include, anti-oxidant, anti-ischemic, anti-hypoxic, and neuroprotection \[[@ref8]\].

Moreover, long-term therapy with *R. rosea* leads to central nervous system stimulation; improve psychomotor performance and improvement of cognitive function \[[@ref9]\].

Therefore, the purpose of the present study was assessing the effect of *G. biloba* and/or *R. rosea* on psychomotor vigilance task (PVT) and short-term working memory accuracy in normal healthy volunteers.

SUBJECTS AND METHODS {#sec1-2}
====================

This study was done in Department of Clinical Pharmacology, College of Medicine, Al-Mustansiriya University, in Baghdad-Iraq from January to April 2015. Enrolled volunteers were meeting and consulates on their healthy status. Exclusion criteria for the volunteers were psychiatric, metabolic, neurological, and other medical disorders. All volunteers were recommending not drinking caffeine, stimulant drugs, and alcohol containing beverage for at least 5 days before starting the study. The volunteers enrolled in this study signed well-read consent to their involvement in this study, according to the Declaration of Helsinki. The research protocol was endorsed and approved by a scientific board in Department of Clinical Pharmacology and College Medical Committee.

In this double-blind, randomized, the placebo-controlled study, a total number of 112 volunteers (60 males and 52 females) with mean age of 22 years were engaged from College of Medicine, Al-Mustansiriya University. They are diving into the following groups:

Group A: 30 volunteers (15 males, + 15 females) treated with starch 500 mg/day.Group B: 27 volunteers (15 males + 12 females) treated with *G. biloba* capsule 60 mg/day (standardized to contain 24% *Ginkgo* flavone glycosides) SANTASYA Ltd.Group C: 25 volunteers (15 males + 10 females) treated with *R. rosea* capsule 500 mg/day (standardized to contain 5% receiving) Rhodiola India UPC Code 790011140702.Group D: 30 volunteers (15 males + 15 females) treated with both *G. biloba* capsule 60 mg/day and *R. rosea* capsule 500 mg/day. The duration of therapy was 10 days, subsequently, each volunteer in the groups performed neurocognitive tests that measured by a special device called a Leeds psychomotor battery tester (Zac-Gmbh.D-8346-Simbach/Inn), which measure the followings:

Critical Flicker-Fusion Frequency (CFFF) {#sec2-1}
----------------------------------------

A training period of the test was allowable and supported, this test made in a dim room. The device calculates records and lists the results. The Leeds psychomotor battery tester encloses four red emitting diodes situated in the corner of 1 cm^2^ in surplus of a black panel, each volunteer be supposed to sit in front of device to guarantee 75-100 cm of distance between the device and eyes, which allows binocular vision for flicker-fusion awareness and discrimination, the flicker happen in frequency that ranged from 1 Hz to 60 Hz. On an elevating trail, the volunteer watches the four red lights flickering and should press the key as soon as possible when as they appear fused, this called ascending critical or fusion frequency (ACFF), whereas awareness of fusion light until to be flickering named as descending critical or flicker frequency (DCFF). The standard average of five fusions and flickers representing the cortical arousal activity, deterioration in either ACFF or DCFF indicating arousal disorders; furthermore, when ACFF value more than 30 Hz (near 60 Hz) and DCFF values \<30 Hz (near 1 Hz) indicating a good arousal activity, and from the exceeding values a CFFF can be estimated where CFFF=DCFF+ACFF/2 \[[@ref10]\].

PVT {#sec2-2}
---

The Leeds psychomotor performance tester advice was useful for estimations of total reaction time in ms (TRT), which observed as a marker for the assessment of sensorimotor reaction to the critical stimuli. The volunteer asked to place the index finger on the central button and teaches to press urgent red light appearance sites as soon as possible, the mean of five successive readings is recorded and listed on digital screen as TRT in ms and recognition reaction time in ms (RRT). TRT represents the time for the onsets of a stimulus to the end of the reaction in ms, while RRT represents the time for the onsets of a stimulus to the beginning of motor action consequently, TRT minus RRT equal to movement reaction time which represent the time from the end of stimulus recognition to the end of motor actions \[[@ref11]\].

Short Term Working Memory Accuracy Test (Computerized N-Back Test) {#sec2-3}
------------------------------------------------------------------

This test was performed on the laptop screen; the eight squares at different sites were reachable consecutively on laptop monitor at a rate of three seconds, an answer was requested each time, and then single site reverses in sequence. In one-back test, the volunteer detect and seek squares site in relation to the preceding square, in two-back test, the volunteer detect and seek square site in relation into two reverse trails of the preceding square, while in a three-back the volunteer detects and seek square site in relation into three reverse trails of the preceding square. The laptop monitor consecutively measuring and counting short-term working memory accuracy (number of corrected responses) through pressing the letter A on laptop keyboards, one back (I-BACK) representing low-level, two back (II-BACK) representing a moderate level, whereas, three back (III-BACK) represent a high level of accuracy% \[[@ref12]\].

All neurocognitive tests were measured before taking drugs as the first measure while the second measure performed on the 10^th^ day of the experiment after 4 h of the last dose of the drug, since repeated measurements may lead to adaptation.

Data Analysis {#sec2-4}
-------------

Data obtained were presented as mean ± standard error; different groups were compared using paired Student's *t*-test. The significance of differences was considered when *P \<* 0.05 regarded as the lower border of significance.

RESULTS {#sec1-3}
=======

Consort flow diagram demonstrated the number of participants in this randomized and placebo-controlled study a total number of 120 participants were enrolled, only eight participants were withdrawn from this study due to non-compliances, not met inclusions criteria and other reasons, while 112 participants were continued the neurocognitive studies \[[Figure 1](#F1){ref-type="fig"}\].

![Flow diagram of study design](JIE-5-7-g001){#F1}

Placebo produced no significant effects on all neurocognitive tests measure *P \>* 0.05 in normal healthy volunteers after 10 days of treatment \[[Table 1](#T1){ref-type="table"}\].

###### 

The placebo effects on the neurocognitive variables on normal healthy volunteers

![](JIE-5-7-g002)

*G. biloba* 60 mg/day for 10 days therapy produced significant effects on PVT *P \<* 0.01, insignificant effects on CFFF parameters *P* \> 0.05 with mild significant effect on ACFF *P \<* 0.05 and significant effects on short term working memory accuracy only for I-BACK WMA and II-BACK WMA *P \<* 0.01 but not for III-BACK WMA *P \>* 0.05 \[[Table 2](#T2){ref-type="table"}\].

###### 

*G. biloba* effects on the neurocognitive variables on normal healthy volunteers

![](JIE-5-7-g003)

Therefore, *G. biloba* improves PVT and low to moderate working memory accuracy.

*R. rosea* 500 mg/day for 10 days therapy produced significant effects on PVT *P \<* 0.01, insignificant effects on CFFF parameters *P* \> 0.05 with mild significant effect on ACFF *P \<* 0.05 and significant effects on short term working memory accuracy only for I-BACK WMA and II-BACK WMA *P* \< 0.01 but not for III-BACK WMA *P \>* 0.05 \[[Table 3](#T3){ref-type="table"}\].

###### 

*Rhodiolarosea* effects on the neurocognitive variables on normal healthy volunteers

![](JIE-5-7-g004)

Therefore, *R. rosea* improves PVT, ACFF, and low to moderate working memory accuracy.

Therefore, *R. rosea* and *G. biloba* have similar central effects, but combined *G. biloba* 60 mg/day plus *R. rosea* 500 mg/day for 10 days therapy in normal healthy volunteers' demonstrated central additive effects more than either *R. rosea* or *G. biloba* when they used alone.

The combined effect of *R. rosea* and *G. biloba* leading to more significant effect on PVT *P \<* 0.01, improve both ACFF and DCFF significantly *P \< 0.05* without amelioration of CFFF *P \>* 0.05 also, they produced significant effects on short-term working memory accuracy at all levels, i.e. they significantly improve I-BACK WMA, II-BACK WMA, and III-BACK WMA *P \<* 0.01 \[[Table 4](#T4){ref-type="table"}\].

###### 

Combined effect of *Rhodiolarosea* and *G. biloba* on the neurocognitive variables on normal healthy volunteers

![](JIE-5-7-g005)

60 males and 52 females enrolled in this study revealed insignificant differences in the response for the neurocognitive tests, which indicating a gender in significant differences to the responses of neurocognitive stimuli after the combined effects of *R. rosea* and *G. biloba* *P* \> 0.05 \[[Figure 2](#F2){ref-type="fig"}\].

![Gender differences in response to the neurocognitive stimuli](JIE-5-7-g006){#F2}

Differential effects of *G. biloba* and/or *R. rosea* on working memory accuracy compared with placebo effect \[[Figure 3](#F3){ref-type="fig"}\].

![Improvements in working memory accuracy regarding *Ginkgo biloba* and/or *Rhodiola rosea* effects](JIE-5-7-g007){#F3}

DISCUSSION {#sec1-4}
==========

A neurocognitive test which includes PVT, critical fusion versus flicker frequency, and short-term working memory accuracy are a reliable and simple test for estimation and evaluation of central arousal state \[[@ref13]\] that used in the present study to investigate different herbal agents, which mainly acts as cognitive enhancers. These tests are affected by many factors which include, gender, age, race, and healthy factors thus in the present study a younger age group of both males and females Iraqi medical students were included to exclude gender, race, and age difference in the neurocognitive response from the present study. Indeed, many studies shown significant deterioration of cognitive performances associated with elderly and diseased stating also; there are a significant controversy about race factor effects on cognitive functions of psychomotor performance testing \[[@ref14]\].

The present study demonstrated that placebo may produce changes before and after 10 days duration of therapy on the neurocognitive variables mainly on total reaction time but, not reached to the level of significant *P \>* 0.05. Draganich and Erdal, 2014 study revealed that placebo therapy may affect the cognitive function of both negative and positive directions, suggesting a means of controlling vigilance, memory, and cognitive functions \[[@ref15]\].

The present study also demonstrated that *Ginkgo biloba* was significantly improved the neurocognitive variables of the cognitive function, chiefly on the PVT, upgrade low and moderate levels of short-term working memory accuracy and mild improved in ACFF without significant effects on CFFF and DCFF. Kennedy and Wighman, 2011 research revealed *G. biloba* extract significantly accelerating psychomotor performances, memory, and vigilance function throughout different mechanisms, *G. biloba* contains a numeral biologically active constituents (ginkgolides, bilobalide, and terepenes) which lead to potential central effects on induction of brain constitutive nitric oxide synthase, neuromodulation effect through inhibition of neural platelet activating factor, inhibition of monoamine oxidase enzyme that lead to significant neurotransmitters augmentation and neuroprotection through inhibition of oxidative stress and down-regulation of free radical generations \[[@ref16]\], which may explain the positive effects of *G. biloba* on memory and psychomotor performances in the current study.

Moreover, a randomized human control trials have revealed cognitive improvement and enhancement in both older and younger age groups subsequent a single doses of *G. biloba* for 7 days \[[@ref17]\], a study corresponding with the result of present study to the enhancement outcome of *G. biloba* on neurocognitive variables within 10 days duration of treatment, whereas animal models cognitive study done by Yoshitake *et al.*, 2010 exhibited that chronic but not acute therapy with *G. biloba* extracts improve cognitive function through increased dopaminergic neurotransmission in the prefrontal cortex \[[@ref18]\].

Furthermore, Gavrilova *et al.*, 2014 study demonstrate that acute and chronic *G. biloba* treatment resulted in improvements in vigilance, attention, cognitive performance, decision-making function, and low to moderate but not high working memory accuracy \[[@ref19]\], as demonstrated in the present study.

In additional, Al-Kuraishy *et al.*, 2014 psychometric study reported that dopaminergic advancing agents like sertraline and bupropion will accelerate working memory, and psychomotor performances in the similar manner of *G. biloba* effects due to augmentation of synaptic dopamine, also *G. biloba* improve muscarnic receptor that involved in modulation of memory and cognitive functions \[[@ref20]\].

Indeed, central *G. biloba* effects may be through blocking over-activated NMDA receptors leading to neuroprotection from excitotoxicity during direct or indirect CNS stimulations \[[@ref21]\].

Other possible explanations for the enhancement effects of *G. biloba* may be related to the up-regulation of genes transcription in cerebral cortex and hippocampus which were linked with learning, memory and cognition functions. Dietary *G. biloba* extract up-regulated 16 folds for genes responsible for a synthesis of transthyritin (protein transport retinol binding protein and thyroxine in CSF), transthyritin improve the neural integrity and cognitive performances \[[@ref22]\], and unfortunately gene encoding assay is unavailable in Iraq.

Furthermore, the present study confirmed *R. rosea* was significantly improving the neurocognitive variables of cognitive function primarily on PVT; advance low and moderate levels of short-term working memory accuracy and mild progress in ACFF without significant effects on CFFF and DCFF. The present results are in corresponding with a numerous studies that showed *R. rosea* administration leads to CNS stimulation, enhance working memory, and improve cognitive function in addition to the antioxidant effect on free radicals scavenging effect and neuroprotection \[[@ref23],[@ref24]\].

Moreover, the phytochemical analysis revealed that *R. rosea* contain strong constituents called salidroside which has time and dose dependent anti-oxidant and neuroprotective effects \[[@ref25]\]. In addition, salidroside augments hippocampus serotonin levels and reduced inflammatory changes \[[@ref26]\], which may explain the positive effects of *R. rosea* on working memory in the current study.

Animal experimental study of salidroside on cognitive function pointed out that *R. rosea* modulate cerebral neurotransmission and hypothalamic-pituitary axis since most of antidepressant and anti-inflammatory agents improve cognitive function \[[@ref27]\].

Regarding the combined effect of both *R. rosea* and *G. biloba* on cognitive functions, they significantly improve the neurocognitive variables of cognitive function principally on PVT; advance low, moderate and high levels of short-term working memory accuracy and mild progress in ACFF and DCFF without significant effects on CFFF.

Our findings match Zang *et al.*, 2009 research that showed the combined effect of *G. biloba* and *R. rosea* accelerate and improve cognitive performance through increasing oxygen consumption and protecting against central and physical fatigues \[[@ref28]\].

Therefore, this combination leads to central additive effect on cognitive function, PVT, and short-term working memory, since combines *G. biloba*, one of most broadly used herbs for a brain, with the *R. rosea* lead to maintain mental performance, mood balance, provides antioxidant protection for the brain, improve glucose metabolism, elevation of serotonin levels, and cognitive function \[[@ref29],[@ref30]\].

Finally, there are insignificant gender differences in cognitive enhancement effect of this combination in response to the neurocognitive stimuli and reactions; this finding was supported by Kim *et al.*, 2015 study which showed a non-significant differences in the cognitive reaction in younger but not in older with or without Alzheimer dementia \[[@ref31]\].

CONCLUSION {#sec1-5}
==========

The combined effect of *R. rosea* and *G. biloba* leading to more significant effect on cognitive function than either *G. biloba* or *R. rosea* when they used alone.

Suggestions for Future Research {#sec2-5}
-------------------------------

Study different doses of *R. rosea* and *G. biloba* on psychomotor vigilance task and short-term working memory accuracyEstimation of orexin plasma levels to evaluate central effect of *R. rosea* and *G. biloba* on psychomotor vigilance task and short-term working memory accuracyStudy the central improvement effect of *R. rosea* and *G. biloba* on psychomotor vigilance task and short-term working memory accuracy on elderly patients with dementiaGender differences in central effect of *R. rosea* and/or *G. biloba*.

Limitations of the Study {#sec2-6}
------------------------

I study the central effect of *R. rosea* and/or *G. biloba* in normal healthy volunteersLimitations of the availability of modern highly sensitive devicesSimilarly, the educational level of the undergraduate medical student groups was known to affect vigilance and short term working memory but this indicator was not included in the present study or compared with other educational levels.
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